~" Ninety-seven children with lipomyelomeningoceles were operated on at the Hospital for Sick Children between January, 1960, and December, 1982. The most common factor that caused these patients to seek help was the cosmetic effect of the mass on their back. However, 22 patients had urinary incontinence and 15 patients had a deformed or weak leg. Sixty of the 97 patients were female and 37 were male. The patients presented for treatment between 6 days and 18 89 years of age with a median age of 71 months. Fifty-six patients presented before the age of 6 months and 35 of these were perfectly normal at the time of presentation. On the other hand, of the 41 patients who were brought for treatment after the age of 6 months, only 12 were normal prior to surgery. When patients were appropriately treated at an early age, with their spinal cords untethered and their dura securely closed with a dural graft, then they remained unchanged neurologically or even improved. However, when treatment was delayed or not done appropriately then they were left with significant neurological sequelae. Lipomyelomeningoceles are serious lesions which without appropriate therapy can result in gross impairment of neurological function.
A LTHOUGH Johnson 5 first described the entity of lipomyelomeningocele in 1857, the literature in regard to these lesions has been extremely confusing. Unfortunately, lipomyelomeningoceles have been grouped together with a much wider spectrum of disorders which should be considered lumbosacral lipomas. These latter lesions include the completely intradural lipomas with intact dural sacs which fall within the clinical entity of tethered spinal cords. 4 In patients with a lipomyelomeningocele, a subcutaneous lipoma is typically present in the lumbosacral region, usually in the midline but occasionally placed eccentrically (Fig.  1 ). This subcutaneous lipoma continues through a midline defect in the lumbodorsal fascia, vertebral neural arch, and dura, and attaches to an elongated and tethered spinal cord. Although on occasion these lesions have been referred to as "lipomas of the cauda equina," we would agree with McLone, et al., 7 that the lipoma mingles with the spinal cord and conus, and not with the roots of the cauda equina.
In 1950, Bassett ~ emphasized the progressive deterioration in function in patients with lipomyelomeningoceles, and stressed the value of early prophylactic surgery. Controversy nevertheless continues about how these lesions should be managed. Matson 6 believed that surgical management should consist only of a cosmetic repair. Till, 9 who recognized the value of prophylactic surgery in cases of occult spinal dysraphism, excluded lipomyelomeningoceles from consideration because of their complex anatomy and the difficulty of assessing the value of surgery. Many surgeons have advocated no surgical treatment of these lesions unless there is clear evidence of neurological deterioration. In recent years, McLone, et al., 7 Chapman, 2 and Schut, et al., 8 have stressed the tethering effect of lipomyelomeningoceles and recommended early and aggressive therapy of these lesions.
Lipomyelomeningoceles are common. Schut, et al.,8 reported that their incidence was 25% that of myelomeningoceles, far outnumbering other dysraphic forms such as diastematomyelia, dermal sinuses, and thickened filum terminales. The neurosurgeon's ability to deal properly with these lesions has been greatly improved in recent years by technological advances in operative magnification, surgical instrumentation, monitoring devices, and radiological techniques. 
Clinical Material and Methods

Methods of Study
A retrospective review was conducted on 97 patients whose lipomyelomeningoceles were treated by operation at the Hospital for Sick Children, Toronto, during the period January, 1960, to December, 1982. We excluded patients who never underwent operation, who had intraspinal lipomas without a dural defect, or who had subcutaneous lipomas not attached to underlying spinal cord.
The lipomyelomeningoceles were grouped according to the scheme described by Chapman 2 into dorsal, transitional, and caudal lesions (Figs. 2 and 3) . The latter group did not include the caudal fibrolipomas described by Emery and Lendon 3 in which the dural sac is intact and a fibrous tract runs through to a subcutaneous dimple. Such lipomas were regarded as examples of the "tethered spinal cord" with a fatty ilium tethering the end of the cord to the dural sac. The lipomyelomeningoceles were also classified according to location, from the thoracolumbar region down to the sacral area.
The technique of surgical management of these lesions has gradually changed over the period of review. We therefore felt it essential to establish criteria for appropriate surgical treatment so as to allow for comparison of results. We defined appropriate treatment as consisting of untethering of the spinal cord, both from the overlying fatty connection to the skin and the dura. A thickened ilium must be divided or an associated diastematomyelia repaired. In addition, the dura must be closed and yet adequate space left for neural tissue and any remaining fat. This usually requires a dural graft.
The patients who only had a cosmetic repair, but did not have their conus untethered and their dura freed, were considered to have inappropriate treatment. In addition, those patients who had associated lesions, such as diastematomyelia or epidermoid cysts, that were not recognized and treated were also considered to have an inappropriate repair. Based on these criteria, we divided our patient population of 97 patients into three groups: 1) 62 patients were appropriately treated at initial surgery; 2) 24 patients were never appropriately treated and have not at the time of review had an appropriate repair; and 3) 11 patients had inappropriate treatment at initial surgery but went on to an eventual appropriate repair. Many of these latter patients were treated initially at other institutions and some in our own hospital. They were subsequently referred back for treatment because of progression of their deficit, and this led to an appropriate repair. All patients treated during the last 2 years of this study had an appropriate repair (Fig. 4) .
The phenomenon of tethering is such that the neurological deficit is typically progressive with spurts of growth. 4 We therefore divided our patients into different age groups to see the influence of growth of the child in respect to clinical presentation and eventual outcome following appropriate and inappropriate repair. Our patients were divided into four age groups: 1) younger than 6 months; 2) between 6 months and 3 years of age; 3) between 4 and 12 years of age; and 4) between 13 years and 18 years of age.
The child with a lipomyelomeningocele may be neurologically intact or may have a variety of neurological sequelae. These sequelae include reflex changes, sensory loss, muscle wasting, power loss, and sphincter problems. In order to compare our various groups and assess the results of treatment, we devised the following functional grading scheme for these patients:
Grade 0: No significant neurological, orthopedic, or urological problem. The patient may have reflex changes and/or sensory deficits. We recognize that minor neurological deficits and sphincter problems may not be recognized in the infant under 6 months old, and that therefore some of these patients who were in Grade 0 may have belonged in a higher grade. Grade 1: Minimal weakness and/or muscle wasting and/or foot deformity affecting only one leg without significant gait disturbance. Normal bladder and sphincter function. Grade 2: Neurogenic bladder alone or combined with minimal weakness of one leg; or intact bladder function with minimal weakness affecting both legs. Grade 3: Moderate to severe weakness of one leg producing gait disturbance with or without neurogenic bladder or minimal weakness of both legs combined with neurogenic bladder. Grade 4: Severe paraparesis requiring aids for walking, with or without neurogenic bladder. Grade 5: Inability to ambulate. The patients were followed for varying periods ranging from 7 months to 18 years, with a median followup period of 7 years following treatment. Two of these 97 patients were lost to follow-up review, but were followed for 1.4 and 2 years, respectively. We also evaluated separately the results of treatment in 64 patients who were followed for more than 4 years.
Patient Presentation
Although there was significant variation in the age of presentation, most of the patients presented at a young age, with 56 referred for treatment during the first 6 months of life. There was a significantly higher incidence of females than males (60 females, 37 males) producing a female to male ratio of 1.6:1 (Table 1) .
The most common presenting complaint was a fatty mass situated in the midline or just off the midline in the lumbosacral region (Table 2 ). In addition to the subcutaneous lipoma, somewhat more than half the cases had other skin lesions associated with their fatty mass. These included skin dimple, cutaneous hemangioma, hairy nevus, and congenital absence of local epithelium as well as scar-like lesions over the dome of the lipoma. Five patients presented with tail-like caudal appendages (Table 3 ). Of our patients over 3 years old, 23% demonstrated inadequate bladder and bowel control. In the past, the presence of neurogenic bladder was difficult to establish before the age of 3 years. However, during the past decade, urodynamic testing permits the presence of a neurogenic bladder to be established prior to the age of normal toilet training. Leg problems, including deformed feet, unequal size of feet, and the presence of trophic ulceration were common findings. Four patients had significant gait problems on presentation.
Of great significance was the deteriorating neurological function with advancing age which was seen in our group of 97 patients. Fifty-six patients presented for treatment in infancy, before the age of 6 months, and of this group 35 were functionally normal and were placed into our Grade 0 classification. However, only 12 of the 41 patients who were referred for treatment beyond the age of 6 months were classified in Grade 0.
The subcutaneous lipomas were located in the sacral region in 46% of patients, in the lumbosacral region in 34%, and in the lumbar region in 20% (Table 4) . The most common type of lipomyelomeningocele was the transitional type and most of these were located in the lumbosacral or sacral region. The caudal lipomyelomeningoceles were all located in the sacral region. The rostrally located lipomas were of the dorsal type and were situated in the lumbar and thoracolumbar regions. It is of interest that 45 % of these dorsal lipomyelomeningoceles were associated with a thickened filum terminale that required sectioning at the time of repair of the lipomyelomeningocele.
Several patients with lipomyelomeningocele had associated dysraphic conditions of the spinal cord (Table  5) . Three patients had split cords within a single dural sac (Fig. 5) , three other patients had diastematomyelia; three had associated dermal sinuses, and three had intraspinal dermoid or epidermoid cysts. Three patients had hydromyelic cavitation of the conus. No patient had an associated Chiari malformation. Four patients had associated anomalies of the urinary system, of whom two had bilateral duplication of their collecting system, one had agenesis of one kidney, and one had extrophy of the urinary bladder. One patient had anal stenosis and one had Down's syndrome.
Methods of Treatment
Most patients underwent myelographic investigation prior to therapy. Since 1976, all patients have had a computerized tomography metrizamide myelogram, which not only delineated the extent of the intraspinal lipoma but also showed associated central nervous system abnormalities, such as a split spinal cord, a thickened filum, or an associated diastematomyelia or dermoid cyst.
The group undergoing appropriate repair are treated in the following fashion. Either loupes or the operating microscope were used for magnification. The surgery is begun over normal spine and dura. One or two laminae proximal to the lipoma are removed, and the dura is opened at this point. The dural opening is then continued caudally using a grooved director and dividing the dura just at the edge of its attachment to the lipoma. This attachment will be just dorsal to the emanating nerve roots which come off the spinal cord anterior to the dural attachment. In the dorsal type of lipomyelomeningocele, the dural opening is carried around the sides of the lipomatous region bilaterally to the bottom of the lipoma, where normal dura is again encountered, and the dural opening is continued in a normal fashion. In the caudal and transitional types of lipomyelomeningocele, the dura is widely open at the bottom of the dural sac and the dural opening is carried down to the bottom where the dura disappears. The spinal cord is thus completely freed from its dural attachment.
With the dura separated from the lipoma, traction sutures are placed in the dura and the lipomatous mass is then safely removed. Much of it can be removed with scissors or a scalpel. There are no neural elements within the superficial lipomatous tissue. The lesion can be safely debulked in many cases with the Cavitron ultrasonic aspirator.* In those cases with a thickened filum terminale attaching the conus to the termination of the dural sac, this too is divided. When the spinal cord is completely freed from the dural sac it nestles loosely into the spinal canal. In the caudal and transitional types of lipomyelomeningocele, the end of the spinal cord is safely separated from the fatty mass. Nerve roots may be encountered at this point, but they characteristically run anteriorly and in a cephalad direction (Fig. 6 left) . In some of these caudal lipomyelomeningocele, a hydromyelic dilatation of the spinal cord can be found within the lipoma (Fig. 6 right) . In those patients with an associated diastematomyelia or dermoid cyst, these lesions are dealt with simultaneously with repair of the lipomyelomeningocele.
A graft of freeze-dried cadaver dura or fascia is used to reconstitute the dural sac and thus allow for a bath ofcerebrospinal fluid (CSF) to completely surround the freed spinal cord and so prevent adhesions between the spinal cord and dura. Whenever possible, a layer of fascia or muscle is used to cover the dural closure. There is always an excess of skin which allows for closure of skin without tension.
Results of Therapy
Sixty-two of our total 97 patients underwent an appropriate repair at initial surgery. Thirty-four of this group were under 6 months of age at that time. Preoperative functional assessment revealed that 20 were in Grade 0, eight were in Grade 1, and six were in Grade 2. Very few of our older patients were neurologically intact prior to treatment. Of the 28 patients who were aged 6 months or older at the time of repair, only seven were in Grade 0, six in Grade 1, 12 in Grade 2, and three in Grade 3 (Table 6 ). Following appropriate repair, there was no significant deterioration and several patients improved in function. Twenty-seven of these 62 patients with a very disordered anatomical configuration of their terminal spinal cord were in Grade 0 after surgery, and thus functioned in a normal fashion (Table 7) .
More specifically, we reviewed 43 patients who received an appropriate repair and who had been followed for 4 years or more. All of these patients, therefore, had achieved sufficient maturation for assessment of sphincter function and motor development in a completely satisfactory fashion. The results in these 43 patients (Table 8 ) compared favorably with the results in the total group of 62 with initially appropriate treatment.
Twenty-four patients were treated inappropriately and have had no further therapy. Twelve of these 24 patients were in Grade 0 prior to therapy, but subsequent to therapy only one of these patients remains in Grade 0. Our overall results in this group are detailed in Table 9 , which demonstrates the deteriorating course in these 24 patients.
Eleven patients were treated inappropriately to begin with and then had a second procedure which untethered their cord and repaired any associated abnormality. Initial surgery was cosmetic; there was inadequate dural closure, any associated diastematomyelia was not repaired; and the spinal cord was not freed. There was a median interval of 6 years between initial treatment and presentation for further treatment. Indications for further treatment included the development of urinary incontinence in six patients, weakness of one or both legs in three patients, an increasing foot deformity in one patient, and an enlarging lipoma in one patient. One child, who was normal at 2 months of age and had an inappropriate repair, developed a paraparesis at 6 years, and went on to require an ileal conduit for a neurogenic bladder; finally, at 17 89 years of age, she underwent an appropriate repair because she complained of headache whenever she lay supine on her lumbar mass. These 11 patients have been followed after their second repair for a period ranging from 1.7 to 14.6 years, with a median follow-up period of 5.25 years. After appropriate repair, no further deterioration was seen among these patients (Table 10) .
Surgical Complications
Temporary leakage of CSF into the subcutaneous tissues leading to formation of a pseudomeningocele was encountered in three patients. This complication was successfully managed by nursing the patient in a head-down position, administration of Diamox (acetazolamide) to decrease CSF production, and aspiration of CSF from the pseudomeningocele. Two other patients developed a superficial wound infection which responded to antibiotic therapy.
Discussion
Lipomyelomeningoceles are a serious disorder. Without therapy or with inappropriate therapy, these patients deteriorate with increasing age and can become incapacitated as a result of their neurological disorder. The lipomyelomeningocele tethers the termination of the cord to the overlying skin to which it is attached by a fatty stalk running from the conus through to the subcutaneous tissue. Furthermore, in those patients with a dorsal lipomyelomeningocele, there is a significant risk of a thickened ilium terminale tethering the termination of the conus to the end of the dural sac. The unrepaired lipomyelomeningocele acts as a waterhammer so that trauma to the back is transmitted directly through the fat to the underlying spinal cord.
Patients born with a lipomyelomeningocele are typically neurologically intact, and with increasing age present with a developing neurological deficit, By the time they reach the age of 4 years, none are neurologically intact and many have a significant deficit. The * Follow-up period after appropriate therapy: 1.7 to 14.6 years (median 5.25 years). For a definition of functional grades see text.
aim of therapy, therefore, is not only the cosmetic repair of the lump on the infant's back, but the prevention of neurological deterioration. Our results would indicate that with appropriate repair early in infancy the vast majority of patients with lipomyelomeningoceles can remain neurologically intact. The surprising feature of this disorder is that, despite the grossly deranged anatomical configuration of the spinal cord in these patients, normal neurological function can be preserved.
Although the fatty lump can act as a compressing mass, one should not regard these lesions as tumors, and the aim of therapy should be to untether the spinal cord rather than precise and accurate removal of all fat. We prefer to leave some fat within the spinal canal and yet leave sufficient room for it by means of enlarging the dural sac with a freeze-dried dural graft.
Although lipomyelomeningoceles are frequently regarded as a benign condition, without appropriate therapy they result in significant impairment of neurologic function. The likelihood of reversing neurological deficit with surgical treatment decreases with age and for this reason it is important to treat these children early, before they have developed any neurological deficit and when the possibility of reversing a neurological deficit is highest. The likelihood of increasing a neurological deficit with therapy is minimal and is the same for all age groups.
